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SUMMARY

An investigatlon was conducted to determine, for one representative
hull form, the effect on some of the asrodynamic characteristics of
systematlic variations in the shape and disposition of the chines at and
near the bow and in the depth of the step. The parent hull was of con-
ventional design (length—beam ratio equal to 6,7) and hed a depth of
step equal to 8 percent of the em. The Investigation was conducted
at a Reynolds number of 6.4 X 10° based on the model hull length and all
the tests were made with the hull attached to a wing which completely
spanned the tunnel,

An analysis of thse results obtaelned at an angle of trim which corre—
sponded to the assumed high-speed attitude of the hulls ( v = -0,29)
showed that the drag coefficient based om hull frontal area of the
"parent” 1l wes 0,090, Although the variations in the lines of the bow
in general hed only a small effect on the drag coefficlent of the hull, a
reduction in drag equal to 9 percent of the drag of the parent hull could
be obtained by using a slender bow (profile view) incorporating a chine
faired to conform more closely to the directlon of the air flow at the
bow., The drag coefficlent for the hull with deep steps, 12 to 16 percent
of the beam, was the same as that for the parent hull, The drag coef—
ficient for the hull with a step depth egqual to 4 percent of the beam
was 20 percent less than that for the parent hull; and complete elimi-
natlon of this step, except for the chine flare, produced no further
reduction in the drag. A compromise arrangement consisiing of an aux—
iliary longitudinal step and a shallow iransverse step (4 percent of the
beam) produced a hull which had 1k percent less drag than that of the
parent hull and was belleved to be hydrodynamically practical, Rounding
a part of the forebody or afterbody chines of the parent hull, either
separately or together, produced the same (18 percent) decrease in the
dreg coefficient., The elimination of the sharp chines, the step, and
the small discontinuity caused by the forebody chine flare reduced the
drag coefficient of the parent hull by about 30 percent., One—third of
this total reduction in drag is attributsble bto the elimination of the
sharp chines whereas the remaining two-thirds is due to the elimination
of the step,
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INTRODUCTION

The aerocdynamic drag of hulle is an exceedingly lmportant factor
in the design of flying boate because of ite in®luence on the param-
eters which determine the range and pay loed and also because this drag
hag an importent effect upon the maximum speed. For this reason,
investigations of large scope have been conducted by the National
Mvisory Comnittee for Aeronautics to determine the drag reductions
that can be obtalned by the aerodynemic refinement of flying-bosat
ulls, OSome of these investigations previously reported included tests
of conventional hulls of length-beam ratlios from 6 to 15 (reference 1),
tests of planing—tail hwlls developed by the NACA (reference 2},
tests to determine the effect of aerodynamic refinement on the drag
characteristics of a conventlonal hull having a length—beam ratlo of 9
(reference 3).

The present series of tests, conducted on a conventional hull of
length-beanm ratio of 6.7, were made to determine the effect on aerody—~
namic drag of systematic variations in the shape and disposition of the
chines at and near the bow, in the depth of step, and In the chines
rounded on both the forebody and afterbody hydrodynamic surfaces, The
varlations were made In such e menner that the results would indicate
the Importance of the drag of the bow, the step, and the sharp chines
in relation to the over-all hull drag.

The "parent” form of the series was a mll modeled after that of
a large, modern flying boat., The investigation was conducted in the
langley two~dimensional low—-turbulence tummel which is described in
reference L. All tests were made at a Reynolds mumber of 6,k x 100
based on the hull length, Although some of the hull configurations
investigated were Impractical designs from hydrodynamic considerations,
the tests were made to determine if the reduction in drag would be
sufficiently large to warrent, for example, the lncorporation of some
auxllisry device such as a retracteble step or retractable chines to
roduce a hydrodynamically praectical hull,

SYMBOLS
cr 11ft coefficlent (-
LES
Cn pitching-moment coefficlient M

aSc

Cp drag coefficient (EDS')
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CDF frontal—area drag coefficient for Hull including
D .D
interference effect of mounting wing g ¥
aSg
o angle of attack measured between wing cherd and sir
stream, degrees
T angle of trim of hull measured between hull base and
air stream, degrees
c wing chord, fest
q dynamic pressure, pounds per square foot (%p\?)
S wing area,square feet

hull frontal area, square fest

R Reynolds number based on model hull length
o] mass density of air, slugs per cubic foot
v alr velocity, feet per second

L 1ift, pounds,

M pitching moment, foot—pounds

D drag, pounds

Subscripts:

c wing-hull combination

w wing alons

DESCRIPTICON OF MODELS

The model had a normal depth of step equal to 8 percent of the beam
and the length-beam ratio was 6,7. A three-view drawing of this basic
model and a table giving model dimensions are shown in figure 1,

In order that changes 1n the model configurations could be easily
made, the hull was assembled in 3 sections: the upper hull, the forebody
hydrodynemic surfaces, and the afterbody hydrodynamic surfaces which also
included the tall extension (fig. 1).
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The offsets Tor the upper hull are given in table I, The dimensions
of the canopy and a sketch i1llustrating the various hull dimensions are
given at the end of the table,

Although the tests of the varlous forebodles were made primarily to
detect the effect of changes in the chine lines near the bow, the keel
shape was also modified in order that the serles of bow shapes would be
related snd would represent practical hydrodynamic designs, The bow
shepes investigated =re shown in figure 2 and the offsets are presented
in table IT. The cross—sectional views at station 5,13 (fig. 2) are
typical of the cross sectlons from the forward perpendiculer to
stetion 12,.75. Each of the bow shapes had the same over-all plan form
end was identical in cross section from station 12.75 to the step.

In order to maintain the same frontal area of the hull for all
model configurations, the depth of step was varled by displacing the
afterbody planing bottom vertically, The offsets for the wvarious
afterbodies thereby produced are presented in table III, Two of these
afterbodles, the one used for the tests with O percent depth of step
and the one used for tests with 16 percent (of the beam) depth of _step,
are shown In figure 3, This figure also shows that thie method of
varylng the depth of step necessitated the refairing of the eides of
the hull (see cross—sectional views at stations 33.75 and 41.25) and a
part of the tail extension; but since the vertical sides are simply
straight tangential lines comnecting the chine and the upper hull, all
afterbodies had comparable and related falrings. Some additional tests
were made with an auxiliary longltudinsl step attached to the forebody
planing bottom, as shown in figure k,

The offsets for the parent hull (model with 8 percent depth of step)
with the forebody and afterbody chines rounded near the bow and sternpost,
respectively, are presented in table IV and photographs of these chines
are shown in figures 5(a) and 5(b). The offsets for the model with
chines rounded over the entire forebody and afterbody hydrodynamic
surfaces are presented in table V and photographs-of this configuration
(model with O percent of the beam depth of step) are presented in
figures S5(c) and 5(d). The offsets for the afterbody (table V) also
include ordinates for an afterbody falring strip immediately aft of the
step. This fillet is neceseary to falr ocut the small step-like discon—
tinuity in the chines that is caused by the added flare of the forebody
planing bottom.

The wing was set at an incidence of %.3° to the hull base line,
had a chord of 14,08 inches,end was of the NACA 63,4420 airfoil section
(ordinates for airfoil given in table VI). The wing completely spanned
the tunnel test section except for 0.03-Inch gaps which were necessary
to avoid fouling between the model and the tunnel walls,
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A convenient method of designating the various model configurations
was devised in order to simplify their ldentification throughout the
rest of the paper. Since the parent hull model was derived from the
offsets of lLengley tank model 164, the same series number was retained
as the Pirst part of the designation for the present serles of hulls.

In the remaining part of the designation, the letters F and A
followed by numbers designate the particuler forebody and afterbody
which was used to form the complete hull. The followlng table gives
the basic model configurations which were Investligated:

Model or il Model configura.tion
designation Forebody Depth of step
shape number (percent beam)
164-F1-A8 F1 8
816h—F2-A8 Fo 8
164-F3-A8 3 8
164—Fh—-A8 FhL 8
164-F2-A0 F2 0
164—Fa-ak F2 L
164-Fa-Al12 F2 12
164-F2-A16 2 16

&Parent hull,

Any modiflcations of the basic configurations are described with a
statement; for example, "model 164-F2-A8 with chines rounded near the
bow" or "model 164-Fo—-Ak with an suxiliary longitudinal step,”

PROCEDURE AND TESTS

Since bow doors, turrets, and surface roughness would limit the
extent of laminar flow over the wing and hull of a full-scale flying
boat, transition strips of 0,0l-inch carborundum grains were shellacked
to the model to simnlate the effect of such dlscontinuities in wing and
hull contours, The transition strip on the hull (fig. 1) was located at
a point 5 percent of the hull length aft of the bow of the hull end it
was 0,50 inch in width, The transition strip on the wing, also shown
in figure 1, covered the leading edge and the first 8 percent of both
surfaces,

Lift, drag, snd pitching-moment messuremenis vere made on &
three—component talance for the wing alons and for each of the wing-
hull configurations. All the 1ift and the drag coefficients obtained
from these tunnel tests were based on the model wing arees of
3.52 square feet, The pitching-moment coefficients were based on the
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wing chord of 1,173 feet. The drag coefficients of a given hull plus
the wing-hull interference effects (hereinafter referred to simply as
the drag of the hull) were obtained by subtracting, at any given sngle
of attack, the drag of the wing alone from the drag of the wing-hull
combination. The dreg coefficient for the hull was then converted
from a coefficient based on the wing area to a coefficlent based on
the frontal sresa of 0,44k square foot.

The investigation was conducted in the Langley two—-dimensional 1ow—
turbulence tunnel at a Reynolds mumber of 6.h X 106 (based on the model
hull length of 5.015 ft) which corresponded to a dynamic pressure of
53 pounds per square foot, Inasmich as the corresponding Mach number
of 0,19 was relatively low, no corrections for the effects of com— .
pressibility were applied to the data., All the asrodynamic character—
istics were obtained over & range of hull trim angle from -10° to 109,

a considerably gresater range of trim than is usually encountered by a
full~sgcale flying boat,

TURNEL CCORRECTIONS AND ACCURACY OF DATA

The correctione for the wind-tunnel wall effects were made by the
following edquations:

1.141q?

q =
o = 1.005t
CL = 0.990CL!
Cp = 0.995Cp!
Cyq = 0.995Cy"

The constants which are used were obtained by the method described In
reference 4 and the primed symbols represent the values measured in the
tunnel.

The probable error in Individuel test points as determined from
check tests, consideration of the sensitivity of the measuring instruments,
end. departure of points from the faired curves 1s estimated to be wlthin
the following limits:

Over the straight part of the lift curve:

CL. = ¢ & o o o s o o o o a4 s s s s s o s s o 4 e s e s s+ . 0,002
CDF e e & o 6 o & & e € e & & 8 &8 ¥ & ¢ e = » v * s &6 = e ® & & io.oolrj
CM e ® ® 8 ® & ® ® e @ @ 8 e ® e @ & 2 s & e v ® s 6 e 2 & & io.ool

o T < - Y- - X o M ¢ 5
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Neer maximum 1ift coefficlent:

CL s o . ® o o o o e o o e & o o . L] ® 9 e o o & e o & e o io . 008
CDF e o & s o ¢ * e * e o o @& o o . e o ¢ o o e o o o . * e :t O . 00}'}8

CM ¢ e e & 6 8 & 6 ° e 8 ° s & & & s e & & e o 2 &6 = o e e = i0.003
CL, d-es . . . . . . . . - L) . . Y - . . - . . L'y . . . - . . o' - io.o5

RESULTS AND DISCUSSION

The eerodynamic characteristics for the wing alone and for the wing
with hull 16L-F2-A8 (parent hull) are presented in figure 6 to show the
changes in the 1l1ift, drag, and pltching—-moment coefficients due to the
presence of the hull. Similar 11ft,drag, and pltching-moment curves for
the other configurations are not presented because no new effects are
shown. The figure shows that the presence of the hull decreassd the
lift coefficients over the range of low to moderate angle of attack
(o = 0° to @ = 8°) but increased the lift—curve slope and lift coef—
ficlents at angles of attack above 8.3°. This increase in 1lift and 1ift—
curve slope at high angles of attack combined with the increase 1n the
maximum 1ift coefficlent obtained with the model of the wing-hull combi-
nation lndicates in general that the presence of the hull had a favorabls
effect on the 1lift.

The addition of the hull to the wing causes the increment in drag
coefficlent to decreass as the angle of attack 1s increased 1n the positive
direction. An examination of the tuft—survey skeiches in figure 7T shows
that the alr flow over the wing-hull combination improves steadily as the
attitude of the model 1s increased from low negative to high positive
angles of attack. The higher lift—curve slope, the greater maximum 1ift
coefficient, the smallsr incremental rise in drag coefficisnt, and the
smoother flow of air over the hull indicate that the wing-hull inter-
ference effects are favorable at these high angles of attack and that
the hull has some 1lift. These favorabls interference effects are shown
by the occurrence in flgurse 8 of extremely low hull drag coefficlents
at relatively high hull trim angles. These favorabls effects are obtained
only for this one partlcular angle of incidence betwsen the wing and hull,
and similar results should not be expected 1f the angle of incldence is
changed or if the wing 1s located at g different position on the hull,

An examination of the pitching-moment curves (fig. 6) shows that
the addition of the hull to the wing increased the value of the negative
pitching-moment coefficients at low to moderate 1lift coefficlents but
has little or no effect upon the pltching—moment coefficlents at high
values of the 1lift coefficlient; thus, the addition of the hull spparently
causes the pitching—moment curve to assume s positive or adverse slope.
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Effect of bow shape on drag.— The effect of bow shape on the drag .

characteristics is presented in figure G. An analysis of the results
shows that at an angle of trim of —0.2° (the assumed trim angle of the
hulls in high—speed level flight), hull 164~F1--A8 hed the lowest drag
coefficients of any of these hulls, Hull 16bL-F1—A8 had a slender bow
incorporating a chine faired to conform more clogely to the direction
of the air flow at the bow. The reduction in drag coefficlent obtained
by use of this bow shape amounted to about 9 percent of the drag of
hull 164-F2-A8 at this seme trim angle. The drag coefficlents of bow
shapes F3 and Fi (mll 164~F3-A8 and hull 164-FL-A8, respectively)
were approximately the seme as the drag coefficient of 0.090 (at T = —0.2°)
. which was obtained with hull 164-F2-A8, An exsmination of the curves

at a trim angle of 1,7° (the assumed trim angle of the hulls for cruising
speed in a level flight condition) shows that the dreg coefficients
obtained with all four of the bow shapes were ghout the same. Although
varlations in the lines of the chine have only a small effect on the
over—gll dreag coefficlent of a hull, some reduction in drag at the high-
speed attitude can be realized by use of a chine of the type designeted

as "bow shape F1" in figure 2.

The effect of depth of step on drag.~ An examination of the data
(figs. 10 and 11) obtained with hulls 164-F2-A0, 164-Fo-pk, 16h-F2-A8,
16L—F2-A12, and 16L—F2-A16 shows that throughout the assumed r of
trim for high-speed and cruising flight conditions, —0.2° to 1.7°, the
greatest variations in the dreg coefficients were obtained by decreasing
the depth of step from 8 to 4 percent of the beam. Contrary to
general belief, these results show that the dreg coefficients within
the flight range of trim do not vary proportionally with changes in the
denth of step of the hull, The decrease in drag coefficient which vas
realized with hull 164-F2-Ak or hull 164-F2-A0 over thet for hull lGhéFe—AB
emounted to approximately 20 percent at the high—epeed trim angle of -0, 20
and to about 13 percent at the cruising-speed trim angle of 1.7°.

Although the lowest drag coefficlents were usually obtained with
hulls 164~F2—AlL and 164-F2-A0, they could not be used on an actual flying
boat because normal ventilation of the step could not be obtained; end
as a result the hulls would have excesslve water resistance and very
poor hydrodynemic stability charecteristics, Results of hydrodynemic
tests of several shellow step hulls (see p. 18 of reference 5) have
shown, however, that satisfactory hydrodynemic stabllity characteristics
could be obtained from such hulls provided that they were fitted with
an auxilisry longltudinal step attached to the forebody immedlately
forward of the step, For this reason, the aerodynemic effects of
adding an suxiliary longitudinel step to hull 16L-F2-A4 were determined.
These results ere given in figure 12 and show that the auxiliary longi-—
tudinal step.increased the drag of this hull by-apnroximately T percent
at both the high—speed trim angle of -0, 2% and the cruising-epeed trim
angle of 1.7° The drag coefficients of this modified hull _were, however,
still aprreciably lower (about 14 percent at T = —0,2° and 6 percent at



NACA TN No. 1576 ' 9

T = 1,7°) than those coefficients obtained with hull 164-F2-A8. Thus,

the foregoing results indicate that a compromise arrangement consisting
of an auxiliary longitudinal step and a shallow transverse step (4 percent
of the beam) would provide the designer with an arrangement which would
allow an appreciable reduction in serodynamic drag without the hydrody—
namic disadvantage of the shallow step.

The effect of rounded chines on the drag.— The results obtained

from tests of hull 164-F2-A8 with the chines rounded near the bow and
sternpost are presented in figure 13. An examination of the results
shows that rounding only the forward part of the forebody chines

(fig. 5(a)) reduced the drag coefficient of the parent hull by about

18 percent at a trim angle of —0,2° end by approximately 12 percent at

a trim angle of 1.7°, The figure shows slso that rounding the chines

in the vicinity of the sternpost (fig. 5(b)) produced approximately the
ssme reduction in the drag coefficient., Combining both of these modi-
fications, however, gave no further decreases in drag within the experi-—
mental accuracy of the deta. A comparison of these results with the
deta obtained for bulls 164—F2-Ah and 164-F2-AO (fig. 10) shows that
within the flight range of trim, rounding an appropriate part of the
chines produced essentially the same reduction in drag coefficient that
could be obtained by completely eliminating the step of a sharp chine
hull. Trom these results it seems possible that a favorable aerodynamic—
hydrodynamic compromise might be made, therefore, by rounding only the
forward part of the fTorebody chines. Some form of a sharp, light—
weight, retractable chine would, however, have to be incorporated into
a hull of this shape to control the spray at low speeds when the hull
acts as a displacement craft,

. In order to determine the reduction in drag coefficients which

could be obtained by completely eliminating the sharp chines, the step,
and the chine flare of the forebody planing vottom, a series of tests
were conducted on hull 164-F2-A0 shown in figures 5(c) and 5(d). The
results obtained are presented in figure 14 together with the drag

curve for the parent hull with sharp chines and for the hull with O psrcent
depth of step and the sharp chines. The figure shows that the elimi-
nation of all sharp discontinuities decreesed the drag coefficients of
hull 164—-F2-AO0 throughout the entire range of trim which was investigated.
A comparison of the drag ccefficients obtained with hull 164-F2-A0
when all sharp discontinuities were removed with those drag coefficients
obtained for the parent hull 164L-F2-A8 shows that hull 164-F2-A0 producsd
drag ccefficients which were about 30 percent lower at a trim angle of
—0.2° and approximately 26 percent lower at a trim angle of 1.7°, An
analysis of the results shows that at a trim angle T = —0.2°, approxi-
mately one—~third of the 30-percent reductlion in drag is attributeble to
the elimination of the sharp chines and that the remaining two—thirds is
attributable (see effects of changes in the depth of ster om drag) to
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eliminstion of the step, At a trim angle T = 1.7°, one~half of the
26-percent reduction in drag is attributable to elimination of the
chines and the remaining part is a result of eliminating the step.

These test resulis serve to evaluate the galns that can be obtained
with an idealized configuration which is very poor hydrodynamically.

Any attempt to realize these drag gains on a practical flying boat

would require the use of relatively complicated devices, such as re—
tractable chines, retractable steps, and perhaps forced step ventilation
to achlieve good hydrodynamic characteristics.

Comparisons with other hulls and a body of revolution.— A comparison

of the drag coefficients of several of the l6i-seriee hulls with results
obtained from tests of other hull forms and from tests of a streamline
body of revolution (fineness ratio 5) are presented in figure 15, All
the curves shown in this figure were obtained from tests with transition
fixed near the bow of the models and all the coefficients Include the
interference effects of the mounting wing. The figure is Intended to
show the difference between the present hulls and the other hull forms
and to bring oubt more clearly the reductions in drag coefficient which
can be obtalned by partly or completely eliminating the sharp chines and
the transverse msain step of e normal hull, It should be noted, however,
that strict quantitative comparisons of the values obtained for the
present hulls with those obtained for the other hull forms cannot be
made because of the large differences in the Reynolds numbers and -the
great variation in the interference effects (see p. 9 of reference 6)
which arise from the use of supporting wings of different chords, plan
forms, and airfoll sections, An examination of the resulis obtained for
the parent hull 164-F2—-A8 and hull 213 (reference 1) shows Lhat the drag
of the parent hull wes approximately 5 percent lower ‘at 7 = ~0,2° than .
the drag of hull 213, a sim'larly shaped hull of about the same length—
beam ratio, Since the drag coefficient of the parent hull is lower for
a lower value of the Reynolds nmuwnber, the differences in the drag coef-—
ficients may be attributabls to some slight differences in the initial
* degrees of aerodynamic cleanliness of the hulls and to the fact that
the interference offects of the different supporting wings were provably
more favorable for the case of the parent hull 164-F2-A8, A comparison
at the same angle of trim shows that the drag coefficlent of hull 154—F2-A8
was about 13 percent higher than the drag coefficient for the similarly
shaped Hughes—Kaiser hull (reference T7) previously tested in the same
tunnel. The greater part of thls varliation in drag is probably attribut—
gble to differences in the Reynolds number and to the type of mounting
wing used; but{ some of this large difference in the drag is attributable
to the fact that the Hughes—Xaiser hull, designed primarily for low drag,
was a much cleaner hull from aerodynamic considerations.
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These results presented in figure 15 show that the drag coefficient
of 0.090 at T = 0° for hull 164-F2-A8 was about 77 percent greater (at the
seme  trim angle) than the drag coefficient of 0.050 for the streasmline body
of revolution tested in reference 8. A comparison at the same angle of
trim shows, however, that rounding a part of the forebody chines near
the bow reduced the drag coefficient of hull 164-—F2-A8 to a valuse of
0.073 which was only 46 percent higher than the drag coefficient obtained
for the body of revolution.

If more radicel changes in hull design such as the use of full—
length retractable chines and retractable steps are acceptable, the
drag of the hull of conventlonal shepe can be reduced still further, as
evidenced in figure 15, by the drag coefficient of 0.063 at T = 0°
obtained for hull 16L—F2-A0 when 811 sharp discontinuities were removed.
This drag coefficlient for the faired hull is still about 25 percent
higher than the drag coefflcient of the body of revolution, but is
approximately the lowest drag that can be obtained from this type of hull
without completely rounding the bottom or altering the shape of the tail
extension. Since the greater part of the drag coefficient (fig. 15) of
the body of revolution is skin—friction drag, any further sizable re—

ductionsg in the drag of flying-boat hulls can be obtalned only by reducing
the amount of hull surface area.

SUMMARY OF RESULTS

An investigation, conducted at a Reynolds number of 6.4 X 106 based
on hull length, was made to determine the effect on aerodynamic drag of
gystematic variations in the shape of a flying—boat hull. The parent
hull was of conventional design (length—beam ratio equal to 6.7) and
had a depth of step egqual to 8 percent of the beam. An analysis of the
results obtained at an angle of trim which corresponded to the assumed
high—speed attitude of the hulls (T = —0.2°) showed that:

1. The drag coefficient based on the hull frontel area of the
parent hull was 0.090.

2. Although the vearlations 1n the lines of the bow in general had
only a snmall effect on the drag coefficient of the hull, a reduction in
drag equal to 9 percent of the drag of the parent hull could be obtained
by using a slender bow (profile view) incorporating a chine faired to.
conform more closely to the direction of the air flow at the bow.
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3. The drag coefficient for the hull with deep steps, 12 and
16 percent of the beam, was the same as that of the parent hull. The
dreg coefficient for the hull with a step depth equal to 4 percent of
the beam was 20 percent less than that for the parent hull and complete
elimination of the step, except for chine flare, produced no further

reduction in drag.

L, A compromise arrangement consisting of an auxiliary longitudinal
step and a shallow transverse step (4 percent of the beam) produced a
hull which had 1% percent less drag than that of the parent hull and was

believed to be hydrodynamically practical,

5. Rounding a part of the forebody or afterbody chines of the parent
hull, either separately or together, produced the same (18 percent)
decrease in the drag coefficient,

L3

6. The elimination of all the sharp chines, the step, and the small
discontinuity caused by the forebody chine flare reduced the drag coef—
ficient of the parent hull by about 30 percemnt, One~third of this total
reduction in drag is attributaeble to the elimination of the sharp chines
whereas the remaining two~thirds ls due to the elimlnation of the step.

Langley Memoriel Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., November 18, 1947
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Bow shape F3

TABLE II.~ Gonéluded

[All dimensions are given in 1nohu]
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TABLE IV

NACA TN No. 1576

OFFSETS FOR THE PARENT HULL WITH THER FOREBODY AND AFTERBODY ROUNDED NEAR TEE BOW AND STERNPOST
[411 asmensions are given in inches]

P b
(Bowozgng:yFZ)
Distanoce Iool of centers end arc radil
aft of Above | Out from | Radius
atatlion base center of
0 line 1line arc
a.1.
-.ég 33 =0.40 .00
5 g.al -.%g i.gg
.38 :g%' 19 1.00
1.2; L.61 .50 9
2.2 h.zg .83 .g%
375 3T 1.23 .
2.15 2,26 1.80 .62
.79 2.67 2.33 3
8.25 2.2 2.69 «19
9.75 1.85 2.95 .09
11.2;
iﬁ:z Sharp chines are maintained
15_7g from station 11.25 to
13,22 station 22.75
18.4
20,
208

Sporwerd perpendioular.

Step.

Afterbody

(Model with 8 percent depth of step)

Loocl of centers and erc radiil

D%;gange
[
Aipin | g | ot | R
o line line aro
ag2,75 Sharp chines are maintained
23,25, from statien 22.75 to
2§.35 statlon 26.25
26 .25 o
27.25 2.22 3.18 .06
29,25 2.21 2.96 .19
30.75 2.61 2.8, .36
22.25 2.%% 2.2 .58
3 -Z5 2. 1.8 .76
gh i bE | o
3812 %.26 81 1.00
zg.zg 3.27 . 1.00
Bl B |

bh3:z9 ) ) 1.00
tep.

bsternpoat.

.~ Center line

Variable
radius

Bage line N\

,—Center line

Variable
radius



TABIE ¥

OFFSETS FOR THE MODEL WITH O PERCENT DEPTH OF STEP AND WITH ALL DIECONTINUITIES REMOVED

[Ail dimensiona ere given in inches)

Afterbody
(Modsl with 0 peroent depth of step)

Forebody
. (Bow shape F2)
Diatance Loous of arc oentiars
aft of { Ahove |Out from | Redius
statlon | ygme | genter of
0 [:] 1ins are
LJ-l
“a -53 -Ouho lcoo
~a o% "'35]; 1.00
0 . . 1.00
.38 . .1 1.00
1.25 1;.32 oy 1.00
2.29 L.30 1.'}?_% %.%
E.E %.2? 1.2 1.00
.Z9 3. 1.70 1.00
8. g 2, 1.89 1.00
9.7 2, 2.02 1.00
11.2 2, 2,1 1,00
lzzg 2. 2.23 1.00
.25 2.1 2. 1.00
%.15 2. 2. 1.00
]]:g. 2.0 2 i 1.00
. 1, 2.3 1.00
20.25 1,91 2.%8 1.00
bal.:;g 1,86 2.38 1,00
22, 1, 2,58 1,00

orward perpendiculsr.
Step.

Distence Icous of are centers |Bubiock lines for chine |Chine
arft of | Xbove [Oub ':mm Radlus| fairing omn afterbody |sbove
tatl base center of . . . N bans

8 llo on line 11ne aro 0.501.001.50|2,00(2,50 1108

822, L8| 2.38 1,00 | 0.20]0.38|0,56]0.70] 0.82|0.93
2%, E 1.89 z.ge 1.00 gg I’% .20 .;6 .89 1.85
25.7 2.10 2.36 1,00 | . . .gg .92]1.09 1.?\2
26.25 2.2y | 2.26 1,00 | .52 .?o 88 1.06]|1.25]1.
Ez.zs 2, 2.2l 1.00
29, g 2. 2.15 1.00 This fairing is
30.7 2. 2,02 1.00 necessary to fair
ga.zg 2. 1.82 1.00 out the chine flare

3.7 2. 1.6 1,00 of the forsbody for
32.2 2, 1,40 1.00 | this model configuration
?.B'Zg g 1 1.1% i.gg

?3:7 2, ? l'{.'l. 1.00

g | 5| G| L

busZZ ’ ' 1.00.

B'Step.

batmpost.
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TABLE VI

ORDINATES FOR THE NACA 63,4-420 AIRFOIL

[Stations and ordinates are_given in
percent airfoll chord]

Upper surface Lower surface
Statlon | Ordinate Statlon | Ordinate
0 0 0 0
.ugo 2.196 1.070| =-1.916
. 7 2.82 1061 "2-399
2.082 3.95 2.91 -3,210
L .538 2-55; 5.462 | =l1.293
7.02, -g9 1.976 | =5.097
3.526 7.817 10. 72 -5.749
1 -25h 9.42L 15.41 -6.7%2
19.503 | 10.58 20.397 | -T7.40
2L.663 | 11.41l; 25.33g :g 83
23.532 11.895 30.26 007
31,.803 | 12.0%6 5.19 -7.916
Z_ﬁo& LI. llo 06 0012 - 0622
9LO | 11.556 L5.060| -7.176
50.000 | 11.025 50.000 | =6.613
O | e | B 2
70.1 Z' 3 63.8 2| -3.550
55.156 .253 TLh.8LL [ -2.6
0.150 h.9go g 850 -1.806
85012 306 L‘. .871 "0992
90.0 2.379 89.506 -.311
95.047 1.1351 94.953 133
100.000 0 100.00

L.E. radius: 3.16
Slope of radius through L.E.: 0.168

'

%f-Chord line




Wng :g;n 6.00 1nchon
rd Inchas
Hall len 60.18 ipchos
Maxiwon 6,76 inches
Maximm helght 11.60 inchas
Depth of step 0.5} inch (B percent of besm)

Lengbh-besm *atio of
hytrodynsmio surfaces 6.7

Bupport point, Zé-puounh—uhord otation of airfoll

frensitlon atrip

Wing insldence, 4.3° -

ey

————— /"\—rml.ng 1incs

<
[
)
1
1
1

Flgure l.~ Thros-view drawing of parmt wing-holl modal.
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Figure lj.~ The shaps, location, and dimensions of the soxiliary iccgltwdinal atep ss mounted on the model with L percent
{of the basm) depth of sbep. (AL Qlsensions are given in inchas.)
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NACA TN No. 1576 N 25

(2) Three-quarter front view of model 164-F2-A8 with chines rounded
near the bow.

T NG
L—L;.? ezl . 1

- (b) Three-quarter rear view of model 164-F2-A8 with chines rounded
near the sternpost.

- Figure 5.- Photographs of the hulls with rounded chines.
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~RACA
L -}49 837 .1

(d) Three-querter view of model 164-F2-A0 with all discontinuities
removed.,

Figure 5.~ Concluded.






Lift ccefficlents cI’o and GL'
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NACA TN No. 1576

Steady flow—> Rough flow IR Intermittently separated flow|

ALr stream

Alr stresm

ALy stream

Figure T.- Sketches showing the character of the sir flow over the hull and wing of
model 16)-F2-a8.
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— = %R Inter e N
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Flgure T+~ Continued. *
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Steady flow —» Rough flow B Intermittently separated flow j ,f?’ Separsted fl
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Figure T.-~ Concluded.



Drag coefflolent, ODF
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Figure 8.~ Drag characteristica of the hull alone.

R = 6.0y x 100,

- ] L
Hnll trim angle, 7, deg

8

Hull 164-F2-A8;

Drag cosfficlent, GDF

52
Full oonflguration
.28 o ~F1~AD
g iy
A 16l-pli-2B
T |
1
o\
.16 ——
1
12 - D
; i !
O : A
.08

L 1]

~12 -8 4 0 L 8 12
Hull trim angle, 7, Gog

Figure 9.~ The effect of bow shaps on the drag charsoteristios
of tha l6lwseries hulls. R = 64 x 107,
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Drag coefficlent, GDF

z2
e
!
.8
' R M Hull configuration |-
% ® 16h-F2-AD
g 16L-F2
15L-F2
A 16, -Fa-a12
VW 16 -P2-A16
.16
' i
g
i
I
: ]
0
&
0] I
=12 -8 -4 ¢ s 8
Hull trim angle, >, deg
Figure 10.~ ‘he effect of step depth on ths drag charascteristics

of the 1&i-series hulls.

R = 6. x 106,
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* @ E ]

5 1 [ 1

0 L 8 10 14
Depth of mbep in percent of the team

Figure 11,~ The dreg characteristios of the 18j~F2 series hulls plotied
#s 2 fusstion of the depth of step. R = 6y x 106,
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Holl conﬂ.gurs.tinn
.20 o 1

1
with longitudinal at
o 1611-!2-:3 &t e

Drag coefflolent, ODF
&

.08
o4
.0 (
DR
0 T 1
12 -8 4 0 L 8 12

Bl trim angls, 7, deg

FMlgure 12,« The effect of an suxiiiery longlimdingl step on the dAreg
charaoteristiss of hull 16}-F2-al, mnd & sompariscn of the drag of

this bull with that of hull 164-P2-A8. R = 6. x 106,

Drag coefficlexnt, OD?

a2
Hual). configuration
Porebody chines  Aftsrbody ohinea
-_— Sharp Sharp
0 © TRounded near bow Sharp
- e ] Sharp Rounded near sterapost
® Rounded near bow Rownded near asternpost
al
o2

.16 \ .
W12 - 7
\ !
N
. - /
- I~ 7
-0h
H R CA .
L1 1
a2 -8 & 0 L 8

Fignrs 13.= The effsot on the drag charaoteristios u§2 rﬁxgrﬂing

Hull trim sngle, 7, deg

tha o8 near the bow and stermpost of hull 16k

R = 6. x 206,
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Drag coefficient, Oy
P

NACA TN No. 1576

352
Hull configuration
© Sherp chines and forebody chine flare
8 All sharp discontinuities removed
.28
- f\\\
.20+ \X?\
A
16 \L\
. E\@
\ ,
\\eea/—-Hull 16l;~-F2-A8 (parent : |
~hull with sharp chines) (
.12 : 1
iy
RNl | 11
i} \5\\_\4 JIl
. N o
| S =S Y
Y !
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Figure 1ll.-

Hull trim angle, 7, deg

all the sharp discontinuitles on hull 16};~F2-A0.

The effect on the drag characteristics of eliminating

R = 6.4 x 106.
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Figure 15.- The drag characteristics of seversl 16li-series hulls as compered wlth

other hull forms and a sireamline body of reveolution.

Transltion fixed near the

bow of all hulls; Reynolds mmber based on hull length.
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